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(57) ABSTRACT 

Embodiments of the invention relate to particles of active 
substances, methods for preparing the particles, formulations 
containing the particles, and metered dose inhalers contain 
ing the particles or formulations. In one embodiment, an 
inhaler contains an aerosol formulation containing a particu 
late active substance of non-microniZed, solid particles hav 
ing a mass median aerodynamic diameter of less than 10 pm. 
The particles may be suspended in a nonsolvent hydro?uo 
rocarbon ?uid vehicle (e.g., HFA 134a or 227ea) at a concen 
tration Within a range from about 0.2% W/v to about 5% W/v. 
The formulation exhibits a ?occulation volume of about 85% 
or greater about 1 minute after mixing the particulate active 
substance and the vehicle. The particulate active substance 
may contain salmeterol xinafoate, budesonide, salbutamol 
sulfate, dihydroergotamine mesylate, risperidone-(9-hy 
droxy)-palmitate, bromocriptine mesylate, or derivatives 
thereof. In some examples, the active substance is dihydroer 
gotamine mesylate. 
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F locculation Volume of Salmeterol Xinafoate in R227ea 
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Flocculation Volume of Budesonide in R227ea 
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Flocculation Volume of Fluricasone Propionate in R134a 
100 I _ 

9O 3- v _: 

A 80 j- ' v SampleA { 
°\° - v - 

E’ 70 :_ I SampleB _: 
f5’ : . v 0 Samp|eD(micronized) : 
cu : : 
u’: 60 - ' v _ 
<0 I 0 I 
E : v v : 
g 50 :- y V V V V _: 
> j 0 I 

40 _— .. _: 
: ~. I 

30 :- . O O O ’ _: 

20 I . . . | | l | l I 

0 2 4 6 8 10 

Time (min) 

FIG. 5 

Flocculation Volume of Fluricasone Propionate in R227ea 
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Flocculation Volume of Salbutamol Sulfate in R134a 
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Flocculation Volume of Risperidone-(9-OH)-palmitate in R134a 
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Flocculation Volume of Risperidone-(Q-OH)-palmitate in R227ea 
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PARTICULATE MATERIALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. Ser. No. 
10/413,457, ?led Apr. 14, 2003, Which claims priority to GB 
0208742.7, ?led Apr. 17, 2002, and to GB 0209402.7, ?led 
Apr. 23, 2002, Which are herein incorporated by reference in 
their entirety. 

FIELD OF THE INVENTION 

[0002] Embodiments of the invention relate to particles of 
active substances, methods for preparing the particles, formu 
lations containing the particles, and metered dose inhalers 
containing the particles or formulations. 

BACKGROUND TO THE INVENTION 

[0003] Certain pharmaceuticals may be delivered to the 
nose and/ or lungs of a patient by inhalation, using an inhaler 
device of Which there are several knoWn types. In some of 
these devices, the drug (or a formulation containing the drug, 
for instance together With a pharmaceutically acceptable 
excipient such as lactose) is suspended in particulate form in 
a ?uid vehicle, Which acts to transport the drug in a suitably 
disperse state toWards the intended site of administration. The 
vehicle may be a pressuriZed propellant ?uid if the drug is to 
be delivered in aerosoliZed form. “Metered dose inhalers” 
(MDIs) may for example be used to effect such delivery, for 
instance those used to dispense budesonide (PulmicortTM, 
AstraZeneca), salbutamol (VentolinTM, Glaxo SmithKline 
and ProventilTM HFA, Schering Plough), salmeterol xinafoate 
(SereventTM, Glaxo SmithKline) and ?uticasone (FloventTM, 
Glaxo SmithKline). 
[0004] Typical propellant ?uids include hydro?uoroal 
kanes such as 1,1,1,2-tetra?uoroethane (available as HFA 
134a), 1,1,1,2,3,3,3-hepta?uoropropane (available as HFA 
227ea) and 1,1,2,2,3-penta?uoropropane. 
[0005] The particulate drug must be suspended as uni 
formly as possible in the ?uid vehicle. This is usually 
achieved by shaking the inhalation device prior to dispensing 
a dose of the drug. It is clearly desirable that the drug remains 
suspended in the vehicle for a su?icient length of time after 
shaking to alloW it to reach the intended site of admini stration. 
HoWever, particulate drug/propellant suspensions tend only 
to be stable for limited periods of time. Where the drug is 
more dense than the propellant, the tendency is for it to 
“settle” or “?occulate”, i.e., to fall out of suspension. Where 
it is less dense than the propellant, the drug tends to “cream” 
or ?oat toWards the top of the propellant volume. This can 
reduce the e?iciency and therefore also accuracy of drug 
dosage delivery. Often dispersion enhancing agents such as 
surfactants need to be added to the drug/propellant mixture to 
achieve and sustain a suitably uniform suspension. 
[0006] Even using such techniques, it has typically proved 
dif?cult to prepare inhalable suspensions Which are stable 
during normal storage periods and conditions and Which give 
uniform dosing throughout the useful life of the average 
inhaler. 
[0007] It has also been proposed to use holloW, or at least 
partially ?uid containing, particles in MDI formulations in 
order to obtain improved dispersibilityisee for instance the 
perforated microstructures described in US. Pat. No. 6,309, 
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623 and the holloW microspheres disclosed in WO-97/36574, 
both suggested for use in inhalers. 
[0008] Particulate active substances, such as drugs, may be 
produced by a variety of knoWn methods, including for 
example crystallization from solution, anti-solvent precipita 
tion from solution, milling, microniZation, spray drying, 
freeZe drying or combinations of such processes. Also knoWn 
are particle formation processes Which make use of super 
critical or near-critical ?uids, either as solvents for the sub 
stance of interestias in the process knoWn as RESS (Rapid 
Expansion of Supercritical Solutionisee Tom & Debene 
detti, J. Aerosol. Sci., 22 (5), 555-584 (1991))ior as anti 
solvents to cause the substance to precipitate from another 
solutionias in the process knoWn as GAS (Gas Anti-Sol 
vent) precipitation (see Gallagher et al.,ACS Symp. Ser., 406, 
p. 334 (1989)). 
[0009] In general, hoWever, knoWn processes for producing 
inhalable drugs yield particles Which perform poorly in pro 
pellant ?uids, i.e., they exhibit poor ?occulationbehavior. For 
many knoWn particulate drugs, the tendency to ?occulate can 
be a severe problem, With signi?cant settling occurring Within 
less than a minute of shaking the suspension and thus often 
before a dose of the drug has been successfully dispensed or 
at least before it has reached its target site of administration. 
[0010] It Would therefore be desirable to provide particu 
late drugs, and indeed other active substances Which may 
need to be delivered in suspension in ?uid vehicles, Which 
have improved ?occulation behavior in such vehicles. 

SUMMARY OF THE INVENTION 

[0011] According to a ?rst aspect of the present invention 
there is provided an active substance in particulate form, 
Which is insoluble in the ?uid vehicle 1,1,1,2-tetra?uoroet 
hane (HFA 134a) and Which When suspended in that vehicle, 
at a concentration of from 0.2 to 5% W/v, exhibits a ?occula 
tion volume of 35% or greater after 5 minutes. 
[0012] According to a second aspect, the invention pro 
vides an active substance in particulate form, Which is 
insoluble in the ?uid vehicle 1,1,1,2,3,3,3-hepta?uoropro 
pane (HFA 227ea) and Which When suspended in that vehicle, 
at a concentration of from 0.2 to 5% W/v, exhibits a ?occula 
tion volume of 35% or greater after 5 minutes. 
[0013] A third aspect of the present invention provides an 
active substance in particulate form, Which is insoluble in the 
?uid vehicle 1,1,1,2-tetra?uoroethane (HFA 134a) and Which 
When suspended in that vehicle at a concentration of from 0.2 
to 5% W/v exhibits a ?occulation volume after 5 minutes 
Which is at least 20% higher, preferably at least 50% or 150% 
or 200% or 250% higher, than that exhibited by the same 
chemical entity having the same or a similar particle siZe 
(typically measured MMAD, “similar” here meaning Within 
80 to 120%, preferably Within 90 to 110%, of the measured 
MMAD) but prepared using a microniZation process. 
[0014] A fourth aspect provides an active substance in par 
ticulate form, Which is insoluble in the ?uid vehicle 1,1,1,2, 
3,3,3-hepta?uoropropane (HFA 227ea) and Which When sus 
pended in that vehicle at a concentration of from 0.2 to 5% 
W/v exhibits a ?occulation volume after 5 minutes Which is at 
least 20% higher, preferably at least 50% or 150% or 200% or 
250% higher, than that exhibited by the same chemical entity 
having the same or a similar particle siZe (as described above) 
but prepared using a microniZation process. 
[0015] A ?fth aspect of the present invention provides an 
active substance in particulate form, Which is insoluble in the 
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?uid vehicle 1,1,1,2-tetra?uoroethane (HFA 134a) and Which 
When suspended in that vehicle at a concentration of from 0.2 
to 5% W/v exhibits a rate of change (decrease) in ?occulation 
volume, during the ?rst 60 seconds after thorough mixing of 
the active substance and vehicle, of 20% per minute or less. 
[0016] A sixth aspect provides an active substance in par 
ticulate form, Which is insoluble in the ?uid vehicle 1,1,1,2, 
3,3,3-hepta?uoropropane (HFA 227ea) and Which When sus 
pended in that vehicle at a concentration of from 0.2 to 5% 
W/v exhibits a rate of change (decrease) in ?occulation vol 
ume, during the ?rst 60 seconds after thorough mixing of the 
active substance and vehicle, of 20% per minute or less. 
[0017] A seventh aspect of the present invention provides 
the use of a supercritical ?uid processing method to produce 
an active substance in particulate form, for the purpose of 
improving the ?occulation performance of the substance. 
[0018] According to an eighth aspect of the present inven 
tion, there is provided an active substance for use in a method 
of surgery, therapy or diagnosis practiced on a human or 
animal body, in Which method the substance is delivered to a 
patient in suspension in a nonsolvent ?uid vehicle in Which 
the ?occulation performance of the substance is as de?ned 
above in relation to any one of the ?rst to the sixth aspects of 
the invention. 
[0019] A ninth aspect of the invention provides the use of an 
active substance in the manufacture of a medicament Which 
comprises a suspension of that substance in a nonsolvent ?uid 
vehicle, in Which suspension the ?occulation performance of 
the active substance is as de?ned above in relation to any one 
of the ?rst to the sixth aspects of the invention. The medica 
ment may be for use in a method of surgery, therapy or 
diagnosis practiced on a human or animal body, and is pref 
erably suitable for delivery by inhalation. 
[0020] A tenth aspect provides the use of an active sub 
stance according to any one of the ?rst to the sixth aspects, in 
suspension in a nonsolvent ?uid vehicle at a concentration of 
at least 0.2% W/v, preferably at least 0.5% W/v, and more 
preferably the suspension containing no, or less than 0.1% 
W/W based on the Weight of the active substance, preferably 
less than 0.01% W/W or less than 0.001 or 0.0001% W/W, 
dispersion enhancing or stabiliZing additives such as surfac 
tants. The suspension preferably contains no co-solvents or 
lubricity enhancing additives. 
[0021] An eleventh aspect of the invention provides a for 
mulation, typically an aerosol formulation, containing an 
active substance according to any one of the ?rst to the sixth 
aspects suspended in a nonsolvent ?uid vehicle. Aerosol for 
mulations according to this aspect typically comprise a ?ne 
particle fraction of at least 25%, preferably at least 30%, most 
preferably at least 35%. 
[0022] A tWelfth aspect of the present invention provides a 
drug delivery device, preferably an inhaler, Which contains 
one or more dosage formulations of an active substance 
according to any one of the ?rst to the sixth aspects, and 
preferably also a suitable ?uid vehicle in Which to aerosoliZe 
the sub stance. Alternatively, the delivery device may contain, 
or be able to produce, one or more aerosol formulations 
according to the eleventh aspect of the invention. The delivery 
device is preferably of the type designed to deliver a prede 
termined dose of an active substance in a pressuriZed ?uid 
vehicle, for instance a metered dose inhaler (Which term 
includes pressurized metered dose inhalers (pMDIs)). 
[0023] A thirteenth aspect of the invention provides an 
aerosol can containing an aerosol formulation according to 
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the eleventh aspect of the invention, and Which is suitable for 
use in a delivery device such as a MDI, preferably a device 
according to the tWelfth aspect of the invention. 
[0024] According to a fourteenth aspect, the invention pro 
vides a method for delivering an active sub stance, the method 
involving charging an aerosol can With an active substance 
and/or a formulation according to the invention. Subsequent 
delivery of the can contents may be via a delivery device such 
as a MDI. 

[0025] A ?fteenth aspect provides a method of treatment of 
a human or animal patient, Which method involves adminis 
tering to the patient, preferably using a method according to 
the fourteenth aspect of the invention, an active substance 
and/or a formulation according to the invention. 
[0026] These and other aspects of the invention Will be 
readily apparent in vieW of the detailed discussion and 
examples beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 depicts the time variation in ?occulation 
volume of three samples made according to the present inven 
tion in HFA 134a, expressed as a percentage of the initial 
volume. 
[0028] FIG. 2 depicts the time variation in ?occulation 
volume of three samples made according to the present inven 
tion in HFA 227ea, expressed as a percentage of the initial 
volume. 
[0029] FIG. 3 depicts the time variation in ?occulation 
volume of budesonide samples made according to the present 
invention in HFA 134a, expressed as a percentage of the 
initial volume. 
[0030] FIG. 4 depicts the time variation in ?occulation 
volume of budesonide samples made according to the present 
invention in HFA 227ea, expressed as a percentage of the 
initial volume. 
[0031] FIG. 5 is a plot depicting the changes in ?occulation 
volume of particulates in HFA 134a made according to the 
invention over a 10 minute period, expressed as a percentage 
of the initial volume. 
[0032] FIG. 6 is a plot depicting the changes in ?occulation 
volume of particulates in HFA 227ea made according to the 
invention over a 10 minute period, expressed as a percentage 
of the initial volume. 
[0033] FIG. 7 is a plot depicting the changes in ?occulation 
volume of particulates in HFA 134a made according to the 
invention over a 10 minute period, expressed as a percentage 
of the initial volume. 
[0034] FIG. 8 is a plot depicting the changes in ?occulation 
volume of particulates in HFA 227ea made according to the 
invention over a 10 minute period, expressed as a percentage 
of the initial volume. 
[0035] FIG. 9 is a plot depicting the changes in ?occulation 
volume of DHE particulates in HFA 227ea made according to 
the invention. 
[0036] FIG. 10 is a plot depicting the changes in ?occula 
tion volume of particulates in HFA 134a made according to 
the invention. 
[0037] FIG. 11 is a plot depicting the changes in ?occula 
tion volume of particulates in HFA 227ea made according to 
the invention. 
[0038] FIG. 12 is a plot depicting the changes in ?occula 
tion volume of particulates in HFA 134a made according to 
the invention. 
[0039] FIG. 13 is a plot depicting the changes in ?occula 
tion volume of particulates in HFA 227ea made according to 
the invention. 
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DETAILED DESCRIPTION 

[0040] Flocculation volume, as referred to herein, is a mea 
sure of the amount of the vehicle Which is occupied by the 
particulate suspension; a higher value therefore indicates less 
?occulation (in the case Where the active substance is more 
dense than the vehicle) or less creaming (in the case Where the 
active substance is less dense than the vehicle), and accord 
ingly improved performance due to the more uniform disper 
sion of the solid in the vehicle. 
[0041] For the purpose of de?ning the present invention, 
the vehicles HFA 134a and HFA 227ea are referred to as 
suitable reference standards in Which to measure ?occulation 
volume. An active substance according to the invention may, 
hoWever, be used in suspension in any suitable nonsolvent 
vehicle to give improved ?occulation performance. 
[0042] According to the ?rst and/or second aspects of the 
invention, the ?occulation volume after 5 minutes is prefer 
ably 40% or greater, more preferably 50% or greater, still 
more preferably at least 60% or 70% or 75% or 80% or 85% 
or 90% or 95% or 98%. The ?gure achieved may depend on 
the nature of the active substance, and factors such as its 
particle siZe and morphology, as described beloW. 
[0043] This ?occulation volume is preferably exhibited 
after 6 minutes, more preferably after 8 minutes, still more 
preferably after 10 minutes, most preferably after 15, 30 or 60 
minutes or in some cases after 2, 6, 12 or even 24 hours. It is 
certainly exhibited after only 0.5 or 1 or 2 minutes. The 
?occulation volume is preferably measured at a concentration 
of above 0.5% W/v, more preferably from 0.5 to 3 or 4% W/v, 
most preferably from 0.5 to 1.5 or 2% W/v or from 0.8 to 1.3 
or 1.5% W/v, such as 1% W/v. The above described ?occula 
tion performance may also be exhibited at loWer active sub 
stance concentrations, for instance doWn to 0.1 5 or even 0.1% 
W/v. 
[0044] The ?occulation volume is preferably greater than 
50% after 20 seconds, more preferably after 30 or 40 or 60 or 
90 seconds, most preferably after 2 or 3 or even 5 minutes. 
[0045] The active substances of the invention preferably 
exhibit the above described ?occulation performance in other 
nonsolvent ?uid vehicles, in particular hydro?uorocarbon 
propellants or mixtures thereof (for example, in a mixture of 
HFA 134a and HFA 227ea). 
[0046] Preferably the active substances of the invention 
exhibit the above described ?occulation behavior in the 
absence of dispersion enhancing or stabiliZing additives (e.g., 
surfactants) in the active sub stance/ vehicle mixture, or at least 
at loWer levels of such additives than have previously been 
necessary for the same active substance/vehicle pair, for 
instance at additive (in particular surfactant) levels of less 
than 0.1% W/W based on the Weight of the active substance, 
preferably less than 0.01% W/W or less than 0.001 or 0.0001 % 
W/W. 
[0047] They preferably exhibit this ?occulation behavior in 
the absence of co-solvents, in particular polar co-solvents 
such as alcohols (e.g., ethanol). 
[0048] Thus, their ?occulation volumes are preferably 
measured in suspensions containing only, or consisting 
essentially of, the active substance and the relevant vehicle. 
[0049] Further, the active substances of the invention pref 
erably exhibit the above described behavior in the absence of 
(or at loW levels of, such as less than 0.1 or 0.01 or 0.001% W/v 
based on the total suspension volume) lubricity enhancing 
additives, either in the active sub stance/ vehicle mixture or on 
the internal surfaces of the container in Which the ?occulation 
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performance of the mixture is tested. Typical such lubricants 
Which are currently used in aerosol formulations include 
polyvinyl pyrrolidones and polyethylene glycols; coatings 
Which are often used on the surfaces of for example aerosol 
canisters include epoxy resins or phenolic vinyl type coat 
ings. 
[0050] Thus, the ?occulation volume of the active sub 
stance in the vehicle may be measured in a container made of 
for example glass or aluminum, the internal surfaces of Which 
need not carry or incorporate any lubricity enhancing mate 
rials. 
[0051] The mass median diameter (MMD) of the active 
substance particles is preferably less than 15 pm or in par 
ticular less than 10 pm, more preferably less than 5 or 4 pm, 
most preferably less than 3.5 or 3.3 or 3 or 2 or even 1 um. It 
may be greater than 1 or 2 or even 2.5 pm. The mass median 
aerodynamic diameter (MMAD) of the active substance par 
ticles is preferably less than 10 microns, more preferably less 
than 5 microns, and most preferably less than 3.5 microns. 
For a given particle siZe, active substances according to the 
invention can demonstrate signi?cantly better ?occulation 
performance than the corresponding chemical entities made 
by conventional techniques such as spray drying, freeZe dry 
ing and in particular microniZation. 
[0052] Particle siZes may be measured for instance using 
(a) an AEROSIZERTM time-of-?ight instrument (Which gives 
an aerodynamic equivalent particle diameter, MMAD) or (b) 
a laser diffraction sensor such as the HELOSTM system avail 
able from SYMPATECTM GmbH, Germany (Which provides 
a geometric projection equivalent MMD). MMADs may also 
be assessed using a cascade impactor. Volume mean diam 
eters may be obtained inboth cases using commercially avail 
able softWare packages. Active substances according to the 
present invention preferably have a volume-Weighted median 
aerodynamic diameter (VMAD, measured for instance by 
laser diffraction analysis) of 5 pm or less, more preferably of 
4 pm or 3.5 pm or less. 

[0053] The active substances of the invention are preferably 
in the form of solid (e. g., as opposed to holloW, porous (Which 
includes perforated) or at least partially ?uid-containing) par 
ticles. They are preferably, although not necessarily, in a 
crystalline or semi-crystalline (as opposed to amorphous) 
form. More preferably they are crystalline, ideally highly 
crystalline, since the crystalline form of a material is often 
more stable in suspension than its amorphous or partially 
crystalline forms Which may more readily dissolve in the ?uid 
vehicle, With a risk of re-crystalliZation and/or particle 
groWth. 
[0054] An active substance according to the invention is 
thus preferably from 80% to 100% or from 90% to 100%, 
ideally 100% crystalline. It may therefore contain less than 
20% W/W, preferably less than 10% W/W, more preferably less 
than 5 or 2 or 1 or even 0.5% W/W, most preferably no, 
detectable amorphous phase regions. 
[0055] Crystallinity may be assessed in knoWn Ways for 
instance using X-ray diffraction @(RD) techniques, prefer 
ably high resolution X-ray poWder diffraction such as using a 
synchrotron radiation source. Degree of crystallinity may be 
assessed for instance With respect to crystals of the same 
chemical entity produced by sloW evaporative crystallization 
from solution. X-ray diffraction line broadening can provide 
an indication of reduced crystallinity, for example of crystal 
lattice imperfections. Line broadening may be manifested for 
instance by an increased peak Width (e.g., full Width at half 
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maximum height, FWHM) for one or more of the diffraction 
peaks. A reduced level of crystal lattice imperfections, in a 
particulate product according to the invention, may also be 
manifested by a shift in position, toWards higher 20 values 
(typically a shift of 0.00050 or more, such as of from 0.00050 
to 0.0050 or from 0.0010 to 0.003°), of one or more of the 
X-ray diffraction peaks, for instance compared to particles of 
the same chemical entity produced by microniZation. 

[0056] Levels of amorphous and crystalline phases, in an 
active substance according to the invention, may also be 
assessed by reference to its moisture uptake at any given 
temperature and humidity, and/or its thermal activity pro?le, 
again in knoWn Ways. 
[0057] An active substance according to the invention pref 
erably has an acicular crystalline form, i.e., a crystalline form 
Which is signi?cantly longer in one dimension than in at least 
one other dimension; this embraces for example needle-like 
crystals and also, potentially, Wafer-, blade- or plate-like crys 
tals (Which are signi?cantly longer in tWo dimensions than in 
the third) and elongate prism-shaped crystals. These have in 
cases been found to shoW better ?occulation performance 
than similarly siZed (e.g., With the same measured MMAD, or 
Within 80% to 120% of the measured MMAD) particles of 
other shapes. Needle-like crystals may be preferred for their 
?occulation performance, and in this case the mass median 
particle diameter may be greater than 3 or 4 or 5 pm, perhaps 
greater than 6 or 7 or 8 or even 10 um, although preferably 
(especially for delivery by inhalation) it Will be 6 um or less, 
more preferably 5 pm or less. Plate- or blade-like particles 
may be preferred for use in inhalers, and may have a mass 
median particle diameter of greater than 3 or 4 or 5 or 6 pm, 
although again for inhalation a preferred diameter may be 6 
pm or less, more preferably 5 pm or less. 

[0058] In the above discussion, “signi?cantly” longer 
means at least 5%, preferably at least 10% or 20% or 30%, 
greater than the loWer of the tWo dimensions being compared. 
Particles of an active substance according to the present 
invention preferably have an aspect ratio (the ratio of the 
longest to the shortest particle dimension) of 2:1 or greater, 
more preferably 3:1 or 4:1 or greater, most preferably from 
1.5:1 to 5:1 orfrom 2:1 to 4.5:1. 

[0059] The active substance is preferably in a substantially 
(e.g., 95% W/W or greater, preferably 98% or 99% W/W or 
99.5% W/W or greater) pure form. It preferably contains loW 
levels of residual solvent, for example less than 500 ppm, 
more preferably less than 200 ppm, most preferably less than 
150 or 100 ppm residual solvent, by Which is meant solvent(s) 
Which Were present at the point of particle formation. Still 
more preferably the substance contains no detectable residual 
solvent, or at least only levels beloW the relevant quanti?ca 
tion limit(s). It is believed that loWer residual solvent levels 
help to stabiliZe the particles in ?uid suspensions, in particu 
lar in the presence of moisture, reducing the tendency for 
amorphous phase regions to re-crystalliZe and hence for par 
ticle groWth and agglomeration. 
[0060] If the active substance is a substance capable of 
existing in tWo or more different polymorphic forms, it pref 
erably consists of only one such form, With a purity of 99.5% 
W/W or greater, preferably of 99.8% W/W or greater, With 
respect to the other polymorphic form(s). Polymorphic purity 
may be assessed for instance using melting point data (e.g., 
differential scanning calorimetry) or more preferably using 
X-ray poWder diffraction (for instance the small-angle X-ray 
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scattering (SAXS) technique) to detect polymorphic transi 
tions during heating, based on the diffraction peaks charac 
teristic of the polymorphs. 
[0061] By “active substance” in the present context is 
meant a substance capable of performing some useful func 
tion in an end product, such as pharmaceutical or pesticidal 
substances. 
[0062] The active substance may be a single active sub 
stance or a mixture of tWo or more. It may be monomeric, 
oligomeric or polymeric, organic (including organometallic) 
or inorganic, hydrophilic or hydrophobic, polar or non-polar. 
It may be a small molecule, for instance a synthetic drug like 
paracetamol, or a macromolecule such as a protein or peptide 
(including enZymes, hormones, antibodies and antigens), 
nucleotide, nucleoside or nucleic acid. Other potential active 
substances include vitamins, amino acids, lipids including 
phospholipids and aminolipids, carbohydrates such as 
mono-, di-, oligo- or polysaccharides, cells and viruses. 
[0063] The active substance preferably comprises (more 
preferably is) a pharmaceutically or nutraceutically active 
substance, or a pharmaceutically or nutraceutically accept 
able excipient, or a mixture of tWo or more thereof. More 
preferably the active substance is a pharmaceutically active 
substance Which is suitable for delivery by inhalation (Which 
term includes nasal and/or oral inhalation), Whether for local 
administration (e. g., an asthma drug intended for local deliv 
ery to the lung) or for systemic delivery via the lung. HoWever 
many other active substances, Whatever their intended func 
tion (for instance, herbicides, pesticides, foodstuffs, imaging 
agents, dyes, perfumes, cosmetics and toiletries, detergents, 
coatings, products for use in the ceramics, photographic or 
explosives industries, etc.) are embraced by the present inven 
tion. 

[0064] Of particular interest for delivery by inhalation (ide 
ally using metered dose inhalers) are pharmaceutically active 
substances Which need to be delivered systemically and 
require rapid onset of action. According to a preferred 
embodiment, formulations are provided Which achieve a 
maximum concentration of a pharmaceutically active sub 
stance, Cmax, Within 1 hour of administration, preferably 
Within 30 minutes, and most preferably Within 15 minutes. 
This time to achieve maximum concentration of the active 
substance is referred to herein as Tmax. 

[0065] Examples of pharmaceutically active substances 
Which may be delivered by inhalation include [32-agonists, 
steroids such as glucocorticosteroids (preferably anti-in?am 
matories), anti-cholinergics, leukotriene antagonists, leukot 
riene synthesis inhibitors, pain relief drugs generally such as 
analgesics and anti-in?ammatories (including both steroidal 
and non-steroidal anti-in?ammatories), cardiovascular 
agents such as cardiac glycosides, respiratory drugs, anti 
asthma agents, bronchodilators, anti-cancer agents, alkaloids 
(e.g., ergot alkaloids) or triptans such as sumatriptan or riZa 
triptan that can be used in the treatment of migraine, drugs 
(for instance sulphonyl ureas) useful in the treatment of dia 
betes and related disorders, sleep inducing drugs including 
sedatives and hypnotics, psychic energiZers, appetite sup 
pressants, anti-arthritics, anti-malarials, anti-epileptics, anti 
thrombotics, anti-hypertensives, anti-arrhythmics, anti-oxi 
cants, anti-depressants, anti-psychotics, anxiolytics, anti 
convulsants, anti-emetics, anti-infectives, anti-histamines, 
anti-fungal and anti-viral agents, drugs for the treatment of 
neurological disorders such as Parkinson’s disease (dopam 
ine antagonists), drugs for the treatment of alcoholism and 
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other forms of addiction, drugs such as vasodilators for use in 
the treatment of erectile dysfunction, muscle relaxants, 
muscle contractants, opioids, stimulants, tranquilizers, anti 
biotics such as macrolides, aminoglycosides, ?uoroquinolo 
nes and beta-lactams, vaccines, cytokines, growth factors, 
hormonal agents including contraceptives, sympathomimet 
ics, diuretics, lipid regulating agents, antiandrogenic agents, 
antiparasitics, anticoagulants, neoplastics, antineoplastics, 
hypoglycemics, nutritional agents and supplements, groWth 
supplements, antienteritis agents, vaccines, antibodies, diag 
nostic agents, and contrasting agents and mixtures of the 
above (for example the asthma combination treatment con 
taining both steroid and [3-agonist). 
[0066] More particularly, the active agent may fall into one 
of a number of structural classes, including but not limited to 
small molecules (preferably insoluble small molecules), pep 
tides, polypeptides, proteins, polysaccharides, steroids, 
nucleotides, oligonucleotides, polynucleotides, fats, electro 
lytes, and the like. 
[0067] Speci?c examples include the [32-agonists salbuta 
mol (e.g., salbutamol sulphate) and salmeterol (e.g., salme 
terol xinafoate), the steroids budesonide and ?uticasone (e.g., 
?uticasone propionate), the cardiac glycoside digoxin, the 
alkaloid anti-migraine drug dihydroergotamine mesylate and 
other alkaloid ergotamines, the alkaloid bromocriptine used 
in the treatment of Parkinson’s disease, sumatriptan, riZatrip 
tan, naratriptan, frovatriptan, almotriptan, Zolmatriptan, mor 
phine and the morphine analogue fentanyl (e.g., fentanyl 
citrate), glibenclamide (a sulphonyl urea), benZodiaZepines 
such as vallium, triaZolam, alpraZolam, midaZolam and clon 
aZepam (typically used as hypnotics, for example to treat 
insomnia or panic attacks), the anti-psychotic agent risperi 
done, apomorphine for use in the treatment of erectile dys 
function, the anti-infective amphotericin B, the antibiotics 
tobramycin, cipro?oxacin and moxi?oxacin, nicotine, test 
osterone, the anti-cholenergic bronchodilator ipratropium 
bromide, the bronchodilator formoterol, monoclonal anti 
bodies and the proteins LHRH, insulin, human groWth hor 
mone, calcitonin, interferon (e.g., [3- or y-interferon), EPO 
and Factor VII, as Well as in each case pharmaceutically 
acceptable salts, esters, analogues and derivatives (for 
instance prodrug forms) thereof. 
[0068] Additional examples of active agents suitable for 
practice With the present invention include but are not limited 
to aspariginase, amdoxovir (DAPD), antide, becaplermin, 
calcitonins, cyanovirin, denileukin diftitox, erythropoietin 
(EPO), EPO agonists (e.g., peptides from about 10-40 amino 
acids in length and comprising a particular core sequence as 
described in WO 96/40749), dornase alpha, erythropoiesis 
stimulating protein (N ESP), coagulation factors such as Fac 
tor Vlla, Factor VII, Factor IX, von Willebrand factor; cere 
dase, cereZyme, alpha-glucosidase, collagen, cyclosporin, 
alpha defensins, beta defensins, exedin-4, granulocyte colony 
stimulating factor (GCSF), thrombopoietin (TPO), alpha-1 
proteinase inhibitor, elcatonin, granulocyte macrophage 
colony stimulating factor (GMCSF), ?brinogen, ?lgrastim, 
groWth hormones, groWth hormone releasing hormone 
(GHRH), GRO-beta, GRO-beta antibody, bone morphogenic 
proteins such as bone morphogenic protein-2, bone morpho 
genic protein-6, OP-l; acidic ?broblast groWth factor, basic 
?broblast groWth factor, CD-40 ligand, heparin, human 
serum albumin, loW molecular Weight heparin (LMWH), 
interferons such as interferon alpha, interferon beta, inter 
feron gamma, interferon omega, interferon tau; interleukins 
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and interleukin receptors such as interleukin-1 receptor, inter 
leukin-2, interleukin-2 fusion proteins, interleukin-1 receptor 
antagonist, interleukin-3, interleukin-4, interleukin-4 recep 
tor, interleukin-6, interleukin-8, interleukin-12, interleukin 
13 receptor, interleukin-17 receptor; lactoferrin and lactofer 
rin fragments, luteiniZing hormone releasing hormone 
(LHRH), insulin, pro-insulin, insulin analogues (e.g., mono 
acylated insulin as described in US. Pat. No. 5,922,675), 
amylin, C-peptide, somatostatin, somatostatin analogs 
including octreotide, vasopressin, follicle stimulating hor 
mone (FSH), in?uenza vaccine, insulin-like groWth factor 
(IGF), insulintropin, macrophage colony stimulating factor 
(M-CSF), plasminogen activators such as alteplase, uroki 
nase, reteplase, streptokinase, pamiteplase, lanoteplase, and 
teneteplase; nerve groWth factor (NGF), osteoprotegerin, 
platelet-derived groWth factor, tissue groWth factors, trans 
forming groWth factor-1, vascular endothelial groWth factor, 
leukemia inhibiting factor, keratinocyte groWth factor (KGF), 
glial groWth factor (GGF), T Cell receptors, CD molecules/ 
antigens, tumor necrosis factor (TNF), monocyte chemoat 
tractant protein-1, endothelial groWth factors, parathyroid 
hormone (PTH), glucagon-like peptide, somatotropin, thy 
mosin alpha 1, thymosin alpha 1 llb/llla inhibitor, thymosin 
beta 10, thymosin beta 9, thymosin beta 4, alpha-1 antit 
rypsin, phosphodiesterase (PDE) compounds, VLA-4 (very 
late antigen-4), VLA-4 inhibitors, bisphosphonates, respira 
tory syncytial virus antibody, cystic ?brosis transmembrane 
regulator (CFTR) gene, deoxyreibonuclease (Dnase), bacte 
ricidal/permeability increasing protein (BPI), and anti-CMV 
antibody. 
[0069] Exemplary monoclonal antibodies include etaner 
cept (a dimeric fusion protein consisting of the extracellular 
ligand-binding portion of the human 75 kD TNF receptor 
linked to the Fc portion of lgGl), abciximab, afeliomomab, 
basiliximab, dacliZumab, in?iximab, ibritumomab tiuexetan, 
mitumomab, muromonab-CD3, iodine 131 tositumomab 
conjugate, oliZumab, rituximab, and trastuZumab (herceptin), 
amifostine, amiodarone, aminoglutethimide, amsacrine, 
anagrelide, anastroZole, asparaginase, anthracyclines, bex 
arotene, bicalutamide, bleomycin, buserelin, busulfan, caber 
goline, capecitabine, carboplatin, carmustine, chlorambucin, 
cisplatin, cladribine, clodronate, cyclophosphamide, cyprot 
erone, cytarabine, camptothecins, 13-cis retinoic acid, all 
trans retinoic acid; dacarbaZine, dactinomycin, daunorubicin, 
dexamethasone, diclofenac, diethylstilbestrol, docetaxel, 
doxorubicin, epirubicin, estramustine, etoposide, exemes 
tane, fexofenadine, ?udarabine, ?udrocortisone, ?uorouracil, 
?uoxymesterone, ?utamide, gemcitabine, epinephrine, 
L-Dopa, hydroxyurea, idarubicin, ifosfamide, imatinib, 
irinotecan, itraconaZole, goserelin, letroZole, leucovorin, 
levamisole, lomustine, mechlorethamine, medroxyprogester 
one, megestrol, melphalan, mercaptopurine, methotrexate, 
metoclopramide, mitomycin, mitotane, mitoxantrone, nalox 
one, nicotine, nilutamide, octreotide, oxaliplatin, pamidr 
onate, pentostatin, pilcamycin, por?mer, prednisone, procar 
baZine, prochlorperaZine, ondansetron, raltitrexed, sirolimus, 
streptoZocin, tacrolimus, tamoxifen, temoZolomide, tenipo 
side, testosterone, tetrahydrocannabinol, thalidomide, 
thioguanine, thiotepa, topotecan, tretinoin, valrubicin, vin 
blastine, vincristine, vindesine, vinorelbine, dolasetron, gra 
nisetron; formoterol, ?uticasone, leuprolide, midaZolam, 
alpraZolam, amphotericin B, podophylotoxins, nucleoside 
antivirals, aroyl hydraZones, sumatriptan; macrolides such as 
erythromycin, oleandomycin, troleandomycin, roxithromy 
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cin, clarithromycin, davercin, aZithromycin, ?urithromycin, 
dirithromycin, josamycin, spiromycin, midecamycin, leuco 
mycin, miocamycin, rokitamycin, andaZithromycin, and sWi 
nolide A; ?uoroquinolones such as cipro?oxacin, o?oxacin, 
levo?oxacin, trova?oxacin, alatro?oxacin, moxi?oxicin, nor 
?oxacin, enoxacin, grepa?oxacin, gati?oxacin, lome?oxa 
cin, spar?ioxacin, tema?oxacin, pe?oxacin, ami?oxacin, 
?eroxacin, tosu?oxacin, pruli?oxacin, irloxacin, paZu?oxa 
cin, clina?oxacin, and sita?oxacin; aminoglycosides such as 
gentamicin, netilmicin, paramecin, tobramycin, amikacin, 
kanamycin, neomycin, and streptomycin, vancomycin, teico 
planin, rampolanin, mideplanin, colistin, daptomycin, grami 
cidin, colistimethate; polymixins such as polymixin B, 
capreomycin, bacitracin, penems; penicillins including peni 
cllinase-sensitive agents like penicillin G, penicillin V; peni 
cilinase-resistant agents like methicillin, oxacillin, cloxacil 
lin, dicloxacillin, ?oxacillin, nafcillin; gram negative 
microorganism active agents like ampicillin, amoxicillin, and 
hetacillin, cillin, and galampicillin; antipseudomonal penicil 
lins like carbenicillin, ticarcillin, aZiocillin, meZiocillin, and 
piperacillin; cephalosporins like cefpodoxime, cefproZil, 
ceftbuten, ceftiZoxime, ceftriaxone, cephalothin, cephapirin, 
cephalexin, cephradrine, cefoxitin, cefamandole, cefaZolin, 
cephaloridine, cefaclor, cefadroxil, cephaloglycin, 
cefuroxime, ceforamide, cefotaxime, cefatriZine, ceph 
acetrile, cefepime, ce?xime, cefonicid, cefoperaZone, 
cefotetan, ce?netaZole, ceftaZidime, loracarbef, and moxa 
lactam, monobactams like aZtreonam; and carbapenems such 
as imipenem, meropenem, pentamidine isethiouate, albuterol 
sulfate, lidocaine, metaproterenol sulfate, beclomethasone 
diprepionate, triamcinolone acetamide, budesonide 
acetonide, ?uticasone, ipratropium bromide, ?unisolide, cro 
molyn sodium, and ergotamine tartrate; taxanes such as pacli 
taxel; SN-38, and tyrphostines. 
[0070] The above exemplary biologically active agents are 
meant to encompass, Where applicable, analogues, agonists, 
antagonists, inhibitors, isomers, and pharmaceutically 
acceptable salt forms thereof. In reference to peptides and 
proteins, the invention is intended to encompass synthetic, 
recombinant, native, glycosylated, non-glycosylated, and 
biologically active fragments and analogs thereof. 
[0071] Drugs for Which an immediate release into the 
bloodstream (i.e., rapid onset of pharmaceutical effect) might 
be particularly desirable include those for use in the treatment 
of migraine, nausea, insomnia, allergic (including anaphylac 
tic) reactions, neurological or psychiatric disorders (in par 
ticular panic attacks and other psychoses or neuroses), erec 
tile dysfunction, diabetes and related disorders and cardiac 
disorders, anti-convulsants, bronchodilators and drugs for the 
alleviation of pain or in?ammation. 

[0072] The active substance may comprise tWo or more 
substances formulated together, such as one coated With 
another, or one dispersed Within a matrix of another, or a 
blend of tWo or more active substances. Common examples of 
such formulations include pharmaceutically active sub 
stances coated With excipients, or solid dispersions of phar 
maceutically active substances With excipients, the excipient 
often being present to modify the release rate and/or to target 
delivery of the pharmaceutical. HoWever, in general the active 
sub stances of the invention Will exhibit the improved ?occu 
lationbehavior in the absence of excipients, i.e., in the form of 
the active substance alone (for example, in the form of phar 
maceutically or nutraceutically active substance(s) Without 
excipients). 
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[0073] A third aspect of the present invention provides an 
active substance in particulate form, Which is insoluble in the 
?uid vehicle 1,1,1,2-tetra?uoroethane (HFA 134a) and Which 
When suspended in that vehicle at a concentration of from 
0.2% to 5% W/v exhibits a ?occulation volume after 5 minutes 
Which is at least 20% higher, preferably at least 50% or 150% 
or 200% or 250% higher, than that exhibited by the same 
chemical entity having the same or a similar particle siZe 
(typically measured MMAD, “similar” here meaning Within 
80% to 120%, preferably Within 90% to 110%, of the mea 
sured MMAD) but prepared using a microniZation process. 
[0074] A fourth aspect provides an active substance in par 
ticulate form, Which is insoluble in the ?uid vehicle 1,1,1,2, 
3,3,3-hepta?uoropropane (HFA 227ea) and Which When sus 
pended in that vehicle at a concentration of from 0.2% to 5% 
W/v exhibits a ?occulation volume after 5 minutes Which is at 
least 20% higher, preferably at least 50% or 150% or 200% or 
250% higher, than that exhibited by the same chemical entity 
having the same or a similar particle siZe (as described above) 
but prepared using a microniZation process. 
[0075] By “microniZation” in this context is meant a pro 
cess involving mechanical means, for instance milling or 
grinding, to reduce particle siZe to the micrometer range. 
[0076] According to the third and/or fourth aspects of the 
invention, the active substance preferably exhibits this ?oc 
culation behavior after 6 minutes, more preferably after 8 
minutes, still more preferably after 10 minutes, most prefer 
ably after 15, 30 or 60 minutes or in some cases after 2, 6, 12 
or even 24 hours. It may exhibit this behavior after only 4, 3, 
2 or in some cases 1 minute. The ?occulation volume is 
preferably measured at a concentration of above 0.5% W/v, 
more preferably from 0.5 to 3 or 4% W/v, most preferably 
from 0.5 to 1.5 or 2% W/v or from 0.8 to 1.3 or 1.5% W/v, such 
as 1% W/v. The above described ?occulation performance 
may also be exhibited at loWer active substance concentra 
tions, for instance doWn to 0.15 or even 0.1% W/v. 
[0077] Again, the active substance preferably exhibits this 
?occulation performance in other nonsolvent ?uid vehicles, 
in particular hydro?uorocarbon propellants. 
[0078] A ?fth aspect of the present invention provides an 
active substance in particulate form, Which is insoluble in the 
?uid vehicle 1,1,1,2-tetra?uoroethane (HFA 134a) and Which 
When suspended in that vehicle at a concentration of from 0.2 
to 5% W/v exhibits a rate of change (decrease) in ?occulation 
volume, during the ?rst 60 seconds after thorough mixing of 
the active substance and vehicle, of 20% per minute or less. 
[0079] A sixth aspect provides an active substance in par 
ticulate form, Which is insoluble in the ?uid vehicle 1,1,1,2, 
3,3,3-hepta?uoropropane (HFA 227ea) and Which When sus 
pended in that vehicle at a concentration of from 0.2 to 5% 
W/v exhibits a rate of change (decrease) in ?occulation vol 
ume, during the ?rst 60 seconds after thorough mixing of the 
active substance and vehicle, of 20% per minute or less. 
[0080] According to the ?fth and/or sixth aspects of the 
invention, the rate of change in ?occulation volume is pref 
erably 15% per minute or less, more preferably 10% per 
minute or less, most preferably 5 or 3% per minute or less. 
Preferably it is Within the quoted ranges for the ?rst 90 or 120 
seconds after thorough mixing of the active substance and 
vehicle; certainly it is Within those ranges during the ?rst 30 
seconds. 
[0081] Other preferred features of the active substances of 
the third to the sixth aspects of the invention, including the 
manner in Which (and concentration at Which) their ?occula 
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tion volumes may be measured, may be as described for those 
of the ?rst and second aspects. 
[0082] When formulated in ?uid suspensions, the active 
sub stances of the present invention can bene?t from generally 
improved stability, in particular relative to their microniZed 
equivalents, during medium to long term storage (for 
instance, for periods of a Week or more, preferably a month or 
more, most preferably 3 or 6 or 12 or 18 or 24 or 30 or even 36 

months or more). They appear to remain more homoge 
neously dispersed for longer periods of time. They also typi 
cally shoW a reduced tendency for particle groWth and 
agglomeration in ?uid suspensions, for example, their 
MMADs may vary by no more than 30%, preferably no more 
than 20% or 10%, of the starting value during storage as a 
?uid suspension for a period of a Week or more, preferably a 
month or more, most preferably 3 or 6 or 12 or 18 or 24 or 30 

or even 36 months or more. Again the ?uid in Which, and 
concentration at Which, they are suspended may be as 
described above in connection With the ?rst to the sixth 
aspects of the invention; the ?uid is preferably either HFA 
134a, HFA 227ea, or a mixture thereof. 
[0083] Thus, When used in aerosol formulations for use in 
inhalers (in particular MDls), the active substances of the 
invention can give a more uniform do sing rate throughout the 
useable life of the inhaler. They can also provide, in this 
context, greater uniformity in the e?icacy of the delivered 
drug throughout the inhaler life, particle siZe being relevant to 
bioavailability and to e?iciency of delivery through the lung 
(in particular the deep lung). 
[0084] A typical aerosol canister, for example as used in a 
metered dose inhaler, can often alloW the ingress of atmo 
spheric moisture through its delivery mechanism during 
medium to long term storage. This moisture can reduce the 
stability of the suspension inside the canister. The active 
substances of the present invention can be signi?cantly more 
stable than for instance their microniZed equivalents under 
such storage conditions, being less susceptible to particle 
groWth and agglomeration even in the presence of moisture. It 
has been found that even amorphous phase active substances 
according to the invention can be relatively stable under such 
conditions, despite the fact that moisture Would normally be 
expected to induce re-crystalliZation. 
[0085] The stability of the active substances of the inven 
tion is therefore of particular use in aerosol formulations in 
delivery devices such as inhalers, in particular metered dose 
inhalers. Thus, When an active substance according to the 
invention is suspended in a ?uid vehicle, suitably an aerosol 
propellant such as HFA 134a or HFA 227ea or a mixture 
thereof, and delivered in a succession of doses of equal vol 
ume using a metered dose inhaler or into a measuring device 
such as a cascade impactor (e. g., an ANDERSENTM cascade 
impactor or a similar type of cascade impactor). 
[0086] a) the relative standard deviation RSD (i.e., the stan 
dard deviation expressed as a percentage of the mean value) in 
the quantity of active substance delivered in each dose is 
preferably no more than 15% over 3, more preferably over 5, 
most preferably over 10 or 30 or 50 or 70 or 100 or 150 or 200 
successive doses. Yet more preferably, the RSD is no more 
than 12 or 10 or 8 or 7 or 6 or 5 or 4 or even 3%. 

[0087] b) the RSD in the ?ne particle content (the quantity 
of delivered active substance having a MMAD in the ?ne 
particle range, such as <3.5 or 3.3 pm) of the delivered doses 
is preferably no more than 15% over 3, more preferably over 
5, most preferably over 10 or 30 or 50 or 70 or 100 or 150 or 
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200 successive doses. Yet more preferably, the RSD is no 
more than 9 or 8 or 7 or 6 or 5 or even 2%. 

[0088] c) the RSD in the ?ne particle fraction contained in 
each dose (i.e., the quantity of active substance having a 
MMAD in the ?ne particle range, expressed as a percentage 
of the total active substance content in the relevant dose) is 
preferably no more than 17% over 3, more preferably over 5, 
most preferably over 10 or 30 or 50 or 70 or 100 or 150 or 200 
successive doses. Yet more preferably, the RSD is no more 
than 15 or 13 or 10 or 8 or 6 or 5%. 

[0089] d) the RSD in the MMAD of the active substance 
particles contained in each dose is preferably no more than 
9.5% over 3, more preferably over 5, most preferably over 10 
or 30 or 50 or 70 or 100 or 150 or 200 successive doses. Yet 

more preferably, the RSD is no more than 7 or 4 or 3 or 2%. 

[0090] e) the ?ne particle fraction contained in each dose is 
preferably at least 25%, more preferably at least 26 or 27%, 
most preferably at least 30 or even 35% over 3, more prefer 
ably over 5, most preferably over 10 or 30 or 50 or 70 or 100 
or 150 or 200 successive doses. 

[0091] f) the MMAD of the particles delivered in each dose 
is preferably 4 pm or less, more preferably 3.8 or 3.5 pm or 
less, again suitably over 3, more preferably over 5, most 
preferably over 10 or 30 or 50 or 70 or 100 or 150 or 200 

successive doses. 
[0092] For the purpose of measuring the properties (a) to (f) 
above, the delivery or measuring device is ideally operated in 
the standard Way, according to the manufacturer’s instruc 
tions, Which Will typically for instance involve agitating the 
aerosol formulation before delivering each dose. Suitable 
measurement methods are those described in Examples 9 to 
13 beloW, and typically involve the use of a cascade impactor 
such as anANDERSENTM cascade impactor or a similar type 
of cascade impactor. For example, an aerosol can containing 
the formulation under test may be coupled to a cascade 
impactor via a standard adaptor and USP induction port 
(“throat”), and the contents of the can dispensed into the 
impactor via a conventional aerosol valve (typically crimped 
into the top of the can) and actuator. 
[0093] The relevant number of doses, over Which the 
parameter in question is measured, may be delivered over a 
period of up to 1, 3, 6, 12, 18, 24 or even 30 or 36 months, 
although under laboratory test conditions may be delivered 
over a period of for instance from 30 minutes to 12 hours, 
more typically from 30 minutes to 4 or 5 hours, most typically 
from 2 to 3 hours (e.g., With an interval of from 15 to 120 
seconds, preferably from 30 to 60 seconds, betWeen doses). A 
suitable dose volume might be from 20 to 100 ML, more 
typically from 45 to 70 [LL such as from 50 to 65 ML. Preferred 
features of the formulated suspensions, such as the vehicle 
type, the active substance concentration and the nature and 
quantity of additives (preferably none), may all be as 
described in connection With the ?rst to the sixth aspects of 
the invention. 
[0094] For assessing performance over a larger number of 
doses (for example, 50 or 100 or more), it may be suf?cient to 
measure the relevant parameter(s) over a feW (for instance 
from 2 to 6, preferably from 3 to 5) successive doses at periods 
toWards the start and end, and ideally also in the middle, of the 
total delivery period. 
[0095] The RSD values referred to in (a) to (d) above are 
typically loWer than (preferably at least 5% or 10% or 20% 
loWer than) those obtained When a microniZed form of the 
same chemical entity, having the same or a similar MMAD, is 
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subjected to the same test(s). In each case, uniformity of 
dosing characteristics is expected to be improved over any 
given period of use by using an active substance in accor 
dance With the invention. 

[0096] The active substances of the invention preferably 
exhibit the ?occulation performance and/or stability 
described above When stored during the relevant measure 
ment period, in suspension in a ?uid vehicle (Whether or not 
Within a delivery device such as an inhaler), at ambient tem 
perature (e.g., from 18 to 25° C., or from 20 to 23° C., such as 
about 22° C., or at the accepted industrial standard tempera 
ture of 25° C.). More preferably, they exhibit that behavior 
and/or stability even if subjected during the measurement 
period to ?uctuations ofup to 15° C. or 110° C. or 115° C. 

[0097] They may exhibit the above described ?occulation 
performance and/ or stability When their ?uid suspensions are 
stored before or during the relevant measurement period at up 
to 20% or 30% or 40% or 60% or even 75% relative humidity 

(RH). Higher storage temperatures and/ or humidities may be 
used, in conventional manner, to mimic longer term storage 
periods, as may conventional thermal cycling procedures 
such as freeZe/thaW cycling. For example, storage for a given 
period at 40° C. and 75% RH is generally used to mimic 
storage for approximately 3 times as long at 25° C. and 60% 
RH. Thermal cycling may for example involve cycling the 
storage temperature up to 2 or even 4 times daily, for instance 
betWeen 2° C. and 40° C. or (in the case of freeZe/thaW 
cycling) betWeen —20° C. and 25° C. Measurements (for 
example, of MMAD or ?ne particle fraction or dose content) 
may be taken both before and after a period of storage under 
given conditions, or both before and after thermal cycling, 
and the recorded values and RSDs betWeen the tWo measure 
ments or sets of measurements are preferably as described 

under points (a) to (f) above. 
[0098] In certain cases, an active substance according to the 
present invention may be a pharmaceutically active substance 
or a pharmaceutically acceptable excipient (preferably a sub 
stance suitable for and/or intended for delivery by inhalation) 
other than salmeterol xinafoate (alone or co-formulated With 
hydroxypropyl cellulose); a-lactose monohydrate; R-TEM 
P-lactamase; maltose; trehalose; sucrose; budesonide; salb 
utamol sulphate; nicotinic acid; paracetamol (alone or co 
formulated With salmeterol xinafoate, L-poly(lactic acid), 
ethyl cellulose (EC), hydroxypropyl methyl cellulose 
(HPMC) or poly vinyl pyrrolidone (PVP)); ibuprofen; keto 
profen (alone or co-formulated With EC, HPMC or PVP); 
salicylic acid; either indomethacin, carbamaZepine, theo 
phylline, ascorbic acid or a COX-2 selective inhibitor co 
formulated With EC, HPMC or PVP; quinine sulphate co 
formulated With EC; ?uticasone propionate; omepraZole 
magnesium tetrahydrate; (S)-omepraZole magnesium trihy 
drate; formoterol fumarate dihydrate; felodipine; candesartan 
cilexetil; lysoZyme (alone or co-formulated With sodium tau 
rocholate); albumin; insulin (alone or co-formulated With 
sodium taurochlorate); terbutaline sulphate; fenoterol hydro 
bromide and/ or ipratropium bromide. 

[0099] It has been found that particulate active substances 
Which exhibit the improved ?occulation behavior described 
in connection With the ?rst to the sixth aspects of this inven 
tion can be produced using the so-called SEDS® (“Solution 
Enhanced Dispersion by Supercritical Fluid”) process (noW 
knoWn as the NEKTAR® SCF process), Which is a version of 
the GAS process referred to above. 
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[0100] Certain inhalation drugs have been produced before 
using SEDS®isee for example WO-95/01221 (salmeterol 
xinafoate), WO-98/ 36825 (salbutamol sulphate), WO-98/ 
52544 (budesonide) and WO-98/ 17676 (?uticasone propi 
onate). In the latter, some of the products are tested in a 
metered dose inhaler in the propellant HFA 134a, but ?occu 
lation volumes are not measured or indeed mentioned and 
only relatively loW drug/propellant concentrations are used. 
[0101] The NEKTAR® SCF process (SEDS®) is a process 
for forming particles of a “target” substance. It is a GAS 
process and so involves contacting a solution or suspension of 
the target substance in a ?uid vehicle (the “target solution/ 
suspension”) With a compressed ?uid (generally a supercriti 
cal or near-critical ?uid) anti-solvent under conditions Which 
alloW the anti-solvent to extract the vehicle from the target 
solution/suspension and to cause particles of the target sub 
stance to precipitate from it. The conditions are such that the 
?uid mixture formed betWeen the anti-solvent and the 
extracted vehicle is still in a compressed (generally supercriti 
cal or near-critical) state. The anti-solvent ?uid should be a 
nonsolvent for the target substance and be miscible With the 
?uid vehicle. 
[0102] Carrying out a SEDS® process speci?cally involves 
using the anti-solvent ?uid simultaneously both to extract the 
vehicle from, and to disperse, the target solution/ suspension. 
In other Words, the ?uids are contacted With one another in 
such a manner that the mechanical (kinetic) energy of the 
anti-solvent can act to disperse the target solution/ suspension 
at the same time as it extracts the vehicle. “Disperse” in this 
context refers generally to the transfer of kinetic energy from 
one ?uid to another, usually implying the formation of drop 
lets, or of other analogous ?uid elements, of the ?uid to Which 
the kinetic energy is transferred. 
[0103] Suitable SEDS® processes are described in WO-95/ 
01221, WO-96/00610, WO-98/36825, WO-99/44733, 
WO-99/59710, WO-01/03821, WO-01/15664, WO-02/ 
38127 and WO-03/008082. Other suitable SEDS® processes 
are described in WO-99/52507, WO-99/52550, WO-00/ 
30612, WO-00/30613, WO-00/67892 and WO-02/058674, 
all of Which are hereby incorporated in their entirety by ref 
erence. 

[0104] In SEDS®, the target solution/suspension and the 
anti-solvent are preferably contacted With one another in the 
manner described in WO-95/01221 and/or WO-96/00610, 
being co-introduced into a particle formation vessel using a 
?uid inlet means Which alloWs the mechanical energy (typi 
cally the shearing action) of the anti-solvent ?oW to facilitate 
intimate mixing and dispersion of the ?uids at the point Where 
they meet. The target solution/ suspension and the anti-sol 
vent preferably meet and enter the particle formation vessel at 
substantially the same point, for instance via separate pas 
sages of a multi-passage coaxial noZZle. 
[0105] Alternatively, the SEDS® process may be of the 
type described in WO-03/ 008082, in Which the anti-solvent 
velocity as it enters the particle formation vessel is near- sonic, 
sonic or supersonic and the target solution/ suspension and the 
anti-solvent enter the vessel at separate, although close, loca 
tions. Such a process is described for instance in Example 1a 
beloW, in connection With the preparation of sample B. 
[0106] A particulate active substance according to the 
present invention is preferably preparedusing a GAS process, 
and more preferably using a SEDS® process, such as one or 
a combination of those described in the above documents. 
Preferred features of the process may be as described beloW in 
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connection With the seventh aspect of the invention. The 
active substance may thus be insoluble or only sparingly 
soluble in Water. It is preferably insoluble or only sparingly 
soluble in compressed (e.g., supercritical or near-critical) 
carbon dioxide. Such materials lend themselves particularly 
Well to SEDS® processing and indeed are often di?icult to 
process using other particle formation techniques such as 
spray drying or freeZe drying. 

[0107] Although it is knoWn that SEDS® can yield particu 
late products With controlled physicochemical characteristics 
such as particle siZe, siZe distribution and morphology, it has 
not previously been recognized that products of the SEDS® 
process could exhibit such an improvement in ?occulation 
performance compared to the corresponding substances pro 
duced by other particle formation techniques. 
[0108] It is advantageous to be able to use the SEDS® 
process to achieve this additional improvement in product 
characteristics for materials Which need to be delivered in 
suspension in a ?uid vehicle. SEDS® is knoWn to give the 
improved product properties described above, and in addition 
is a relatively e?icient, safe, easily scalable, controlled and 
reproducible process. It can be used to prepare a Wide range of 
substances including Water insoluble materials Which cannot 
for instance easily be prepared by spray drying, materials 
Which are insoluble in supercritical CO2 Which cannot easily 
be prepared by RESS, and temperature- or otherWise-sensi 
tive materials for Which other conventional particle formation 
processes might be inappropriate. SEDS® can also yield 
products Which are highly crystalline in nature, and/ or high in 
purity (including polymorphic purity) With loW residual sol 
vent content. 

[0109] Thus, a seventh aspect of the present invention pro 
vides the use of a SEDS® process, as described above, to 
produce an active substance in particulate form, for the pur 
pose of improving the ?occulation performance of the sub 
stance. 

[0110] The process is preferably carried out using super 
critical, near-critical or liquid, more preferably supercritical, 
CO2 as the anti-solvent. The choice of operating conditions 
such as temperature, pressure and ?uid ?oW rates, and the 
choice of solvent and of anti-solvent modi?er if necessary, 
Will depend on the nature of the active substance, for instance 
its solubility in the ?uids present and, if it can exist in different 
polymorphic forms, Which form is to be precipitated. Gener 
ally, the conditions should be chosen to minimiZe particle 
siZesithis Will usually mean selecting a higher relative anti 
solvent ?oW rate (e.g., a target solution/suspension:anti-sol 
vent ?oW rate ratio (at or immediately prior to the tWo ?uids 
coming into contact With one another) of 0.03 or less, prefer 
ably 0.02 or less or even 0.01 or less), and/or a higher oper 
ating temperature (e.g., from 50 to 100° C., preferably from 
70 to 90° C.), and/ or a higher operating pressure (e.g., from 80 
to 210 bar, preferably from 90 to 200 bar). 
[0111] The SEDS® processing conditions are also prefer 
ably selected to reduce residual solvent levels and/or gener 
ally to increase the product purity (including if applicable its 
polymorphic purity). They may be selected to increase the 
crystallinity of the product, in Which case a loWer relative 
anti-solvent ?oW rate may be preferred (for example, a target 
solution/suspension:anti-solvent ?oW rate ratio of 0.01 or 
greater, preferably 0.015 or 0.02 or greater) so as to sloW 
doWn the solvent extraction process. 
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[0112] The product of the seventh aspect of the invention is 
preferably a product according to one of the ?rst to the sixth 
aspects. 
[0113] “Improving the ?occulation performance” in this 
context means increasing the ?occulation volume exhibited 
by the sub stance in the relevant vehicle at a given concentra 
tion after a given period of time. It may include improving the 
performance (in particular, the uniformity in performance 
and/or storage stability) of ?uid suspensions of the active 
substance in delivery devices such as metered dose inhalers. 
The SEDS® process is preferably used so as to achieve ?oc 
culation behavior, and/or stability, and/or performance in a 
delivery device, of the types described above in connection 
With the ?rst, second, third, fourth, ?fth and/or sixth aspects 
of the invention. 
[0114] Such changes in performance and attributes may be 
as compared to those of the substance prior to the SEDS® 
processing, and/or of the same substance (preferably having 
the same particle siZe or a particle siZe no more than 10% or 

20% different) When produced using another particle forma 
tion process such as microniZing or spray drying. 
[0115] Flocculation volume, sometimes referred to as 
“sedimentation volume”, can be measured by a conventional 
and relatively simple method. The substance under test, in 
particulate form, is suspended in the desired ?uid vehicle at a 
suitable concentration. The mixture should be Well agitated 
(typically, simply by shaking) to ensure a uniform dispersion 
of particles in the ?uid at the start of measurement. Immedi 
ately after agitation ceases, timing begins. The mixture is left 
to stand, usually under ambient conditions, and the degree of 
settling or creaming of the solid observed over time. 
[0116] The ?occulation volume of the mixture at a given 
point in time is the volume of ?uid Which is still occupied by 
the particulate dispersion, expressed as a percentage of the 
total ?uid volume. A higher ?occulation volume thus indi 
cates less settling/creaming, Which indicates improved per 
formance. 
[0117] All references herein to ?occulation volumes, 
unless otherWise stated, are to measurements made at 22° C. 
[0118] To achieve meaningful measurements of ?occula 
tion volume, the active substance should be insoluble in the 
chosen ?uid vehicle, at least to an extent suf?cient to alloW 
suspension of the active substance as solid particles in the 
?uid. The solubility of the substance in the vehicle is prefer 
ably less than 10-5% W/v. 
[0119] In certain active substance/vehicle systems, surfac 
tants and/or other dispersion enhancing or stabiliZing addi 
tives may be used in order to achieve su?icient dispersion at 
the start of the testithese include many systems in Which the 
vehicle is Water or another aqueous ?uid. HoWever, SEDS® 
products have been found to exhibit the desired ?occulation 
behavior even in the absence of such additives, particularly in 
non-aqueous vehicles. 
[0120] According to an eighth aspect of the present inven 
tion, there is provided an active sub stance for use in a method 
of surgery, therapy or diagnosis practiced on a human or 
animal body, in Which method the substance is delivered to a 
patient in suspension in a nonsolvent ?uid vehicle in Which 
the ?occulation performance of the substance is as de?ned 
above in relation to any one of the ?rst to the sixth aspects of 
the invention. 
[0121] A ninth aspect of the invention provides the use of an 
active substance in the manufacture of a medicament Which 
comprises a suspension of that substance in a nonsolvent ?uid 
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vehicle, in Which suspension the ?occulation performance of 
the active substance is as de?ned above in relation to any one 
of the ?rst to the sixth aspects of the invention. The medica 
ment may be for use in a method of surgery, therapy or 
diagnosis practiced on a human or animal body, and is pref 
erably suitable for delivery by inhalation. 
[0122] A tenth aspect provides the use of an active sub 
stance according to any one of the ?rst to the sixth aspects, in 
suspension in a nonsolvent ?uid vehicle at a concentration of 
at least 0.2% W/v, preferably at least 0.5% W/v, and more 
preferably the suspension containing no, or less than 0.1% 
W/W based on the Weight of the active substance, preferably 
less than 0.01% W/W or less than 0.001 or 0.0001% W/W, 
dispersion enhancing or stabiliZing additives such as surfac 
tants. Again the suspension preferably contains no co-sol 
vents or lubricity enhancing additives. 

[0123] For the eighth and ninth aspects of the invention, the 
active substance is preferably an active substance according 
to one of the ?rst to the sixth aspects. It is preferably a 
pharmaceutically active substance, more preferably one 
Which is suitable for delivery by inhalation. The medical 
method in Which it may ultimately be used may involve the 
treatment of any of the conditions mentioned in connection 
With the active substances of the invention. 

[0124] Other preferred features of the eighth to the tenth 
aspects of the invention may be as described in connection 
With the ?rst to the sixth aspects. In particular, the suspension 
is preferably an aerosol formulation in an aerosol propellant 
?uid, in particular in a hydro?uorocarbon propellant such as 
HFA 134a and/or HFA 227ea, and is preferably suitable for 
delivery to a patient by inhalation. 
[0125] An eleventh aspect of the invention provides a for 
mulation, typically an aerosol formulation, containing an 
active substance according to any one of the ?rst to the sixth 
aspects suspended in a nonsolvent ?uid vehicle. 

[0126] The active substance is preferably a pharmaceuti 
cally active substance, although it may alternatively be a 
nutraceutical, a cosmetic or toiletry or any other active sub 
stance suitable for delivery in a nonsolvent propellant ?uid. 

[0127] The ?uid vehicle is preferably an aerosol propellant 
?uid such as those described above. It is preferably free of 
chloro?uorocarbon propellants, and more preferably com 
prises a hydro?uorocarbon propellant such as HFA 134a, 
HFA 227a, 1,1,2,2,3-penta?uoropropane or a mixture of any 
thereof. Other suitable vehicles include other C1 to C4 
hydro?uorocarbons such as CHF2CHF2, CF3CH2F, 
CHF2CH3 and CF3CHFCF3, and per?uorocarbons such as 
CF3CF3 and CF3CF2CF3. The vehicle is preferably of a 
pharmaceutically acceptable grade. 
[0128] Most preferably the vehicle is HFA 134a, HFA 227a 
or a mixture thereof, such propellants are available, for 
instance, from DuPont Fluoroproducts, Wilmington, Del. It 
may be Water or another aqueous ?uid, although the active 
substance should be insoluble in the chosen vehicle at least to 
an extent su?icient to alloW its suspension as solid particles. 

[0129] According to the present invention, a ?uid vehicle 
may comprise a mixture of tWo or more ?uids. The mixture 
may be tailored for instance to minimiZe the difference in 
densities betWeen the vehicle and the active substance and 
thus enhance the overall ?occulation performance of the 
active substance. As an example, a mixture of the propellants 
HFA 134a and HFA 227a may be used to minimize the risk of 
either settling or “creaming” of a suspended active substance. 
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[0130] The concentration of the active substance in the 
formulation may be 0.1% W/v or greater, 0.2% W/v or greater, 
or even 0.5% W/v or 0.6% W/v or 0.7% W/v or 0.8% W/v or 1% 

W/v or greater, depending on the dosing level of the active 
substance. It is preferably from 0.1 or 0.2 to 5% W/v, more 
preferably from 0.5 or 0.7 to 1.6% W/v, most preferably from 
0.5 or 0.7 to 1.5 or 1.3 or 1.1 or 0.9% W/v, although it may be 
up to 3% W/v. In cases, therefore, the present invention can 
alloW relatively high concentration formulations to be pre 
pared, of particular use for active substances Which need to be 
delivered in high doses. 
[0131] In cases hoWever the concentration of the active 
substance in the formulation may be as loW as 0.05 or 0.02% 
W/v. 
[0132] The active substance generally need not be surface 
modi?ed (e. g., by treatment With a nonsolvent such as a 
non-polar liquid) prior to incorporation in the formulation. 
[0133] One or more surfactants, or other dispersion enhanc 
ing or stabiliZing additives, may be included in the formula 
tion, typical examples being nonionic surfactants such as 
those available in the TWeenTM series. A lubricant may be 
included to prevent the active sub stance depositing on the 
internal surfaces of the aerosol can or other delivery device in 
Which the formulation is to be used. Preferably, hoWever, the 
formulation consists essentially of only the active substance 
and the vehicle, With only loW levels (for instance, less than 
0.1% W/W based on the Weight of the active substance, pref 
erably less than 0.01% W/W or less than 0.001 or 0.0001% 
W/W) of, or more preferably in the absence of, such additives. 
The formulation conveniently contains no, or only loW levels 
(for instance, less than 0.01% W/W based on the Weight of the 
?uid vehicle, preferably less than 0.001% W/W) of co-sol 
vents, typical co-solvents being alcohols such as ethanol. 
[0134] The stability of the formulation is preferably as 
described above in connection With the ?rst to the sixth 
aspects of the invention, as is its aerosol performance (in 
particular dosage uniformity) in use in a delivery device such 
as a metered dose inhaler or When assessed for instance using 
a cascade impactor. In particular, the formulation preferably 
comprises a ?ne particle fraction (as de?ned above) of at least 
25%, more preferably at least 30%, most preferably 35%. 
[0135] It has moreover been found that formulations 
according to the present invention can be particularly ef?cient 
for delivering active substances to the central and in particular 
to the deep lung, and thus in turn for the systemic delivery of 
active substances via the lung. (Typically particles With 
MMAD from 4 to 6 um, more speci?cally from 4.7 to 5.8 pm, 
Will reach the “central” lung area (trachea and primary bron 
chi) Whereas only those With MMAD of 3.5, preferably 3.3 
pm or less Will penetrate the “deep” lung region (alveoli, and 
secondary and terminal bronchi).) The stability of the 
invented formulations, With respect to ?occulation and aggre 
gation of the suspended active substance particles, can alloW 
them to deliver active sub stances having a high bioavailability 
and an e?icient release pro?le. 
[013 6] Thus, When a formulation according to the invention 
is delivered to a live human or animal patient using a metered 
dose inhaler or an equivalent delivery device, the active sub 
stance may be released more rapidly into the patient’s blood 
stream, compared for instance to a microniZed form of the 
same active substance (suitably having the same or a similar 
MMAD) delivered under the same test conditions. The bio 
availability of the active substance (expressed for example as 
the maximum, or as the total plasma concentration attained 
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following dose delivery) may be higher than, preferably at 
least 1.5 or 1.8 or 2 or 2.5 times as high as, that of the 
micronized equivalent. It has been found that active sub 
stances according to the invention may perform Well in such 
tests Whether With or Without excipients such as the polymeric 
excipients (e.g., polyvinyl pyrrolidone or polyethylene gly 
cols) traditionally used to improve the bioavailability and/or 
release rate of for instance poorly Water soluble drugs. 

[0137] According to a preferred embodiment, a formula 
tion according to the invention may achieve a maximum 
concentration Cmax of the active substance in the patient’s 
bloodstream Within one hour of administration (typically of 
inhalation), preferably Within 30 minutes, more preferably 
Within 15 minutes of administration. This time to achieve 
maximum concentration is referred to hereafter as Tmax. 

[0138] Preferred features of the eleventh aspect of the 
invention, in particular regarding the nature, particle size 
and/ or morphology of the active substance, and/or its stability 
and performance in a delivery device, may be as described in 
connection With the ?rst to the tenth aspects. 

[0139] The eleventh aspect of the invention may also 
encompass formulations in Which the ?uid (typically liquid) 
vehicle is other than an aerosol propellant, for instance a 
liquid carrier for a pharmaceutically active substance 
intended for delivery by injection, orally or by any other 
suitable administration route. The vehicle may be organic or 
aqueous, it may comprise a mixture of tWo or more ?uids, and 
it may include materials other than the active substance. 

[0140] A tWelfth aspect of the present invention provides a 
drug delivery device, preferably an inhaler, Which contains 
one or more dosage formulations of an active substance 
according to any one of the ?rst to the sixth aspects, and 
preferably also a suitable ?uid vehicle in Which to aerosolize 
the sub stance. Alternatively, the delivery device may contain, 
or be able to produce, one or more aerosol formulations 
according to the eleventh aspect of the invention. The delivery 
device is preferably of the type designed to deliver a prede 
termined dose of an active substance in a pressurized ?uid 
vehicle, for instance a metered dose inhaler (Which term 
includes pressurized metered dose inhalers (pMDls)). 
[0141] A thirteenth aspect of the invention provides an 
aerosol can containing an aerosol formulation according to 
the eleventh aspect of the invention, and Which is suitable for 
use in a delivery device such as a MDI, preferably a device 
according to the tWelfth aspect of the invention. 
[0142] Because of the enhanced ?occulation performance 
of the active substances of the invention, it may be unneces 
sary for the internal surfaces of the aerosol can (i.e., those 
surfaces Which come into contact With the aerosol formula 
tion during use) to be specially treated, for example With 
lubricity-enhancing coatings, to reduce retention of active 
substance deposits inside the can or its associated delivery 
mechanisms. 

[0143] The capacity of the aerosol can might typically be 
from 10 to 20 mL. It may suitably be made from toughened 
glass or aluminum. It may comprise a conventional delivery 
mechanism, such as a metering valve of typical volume 25 to 
100 ML, more typically from 45 to 70 ML, such as from 50 to 
65 ML, together With a suitable valve actuator. 

[0144] According to a fourteenth aspect, the invention pro 
vides a method for delivering an active sub stance, the method 
involving charging an aerosol can With an active substance 
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and/or a formulation according to the invention. Subsequent 
delivery of the can contents may be via a delivery device such 
as a MDI. 

[0145] A ?fteenth aspect provides a method of treatment of 
a human or animal patient, Which method involves adminis 
tering to the patient, preferably using a method according to 
the fourteenth aspect of the invention, an active substance 
and/or a formulation according to the invention. 
[0146] Both of these methods preferably involve the use of 
a drug delivery device such as an inhaler, more preferably a 
delivery device according to the tWelfth aspect of the inven 
tion. The active sub stance preferably comprises a pharmaceu 
tically active substance suitable for inhalation therapy. 
[0147] The present invention Will noW be described by Way 
of example only and With reference to the accompanying 
illustrative draWings. 

EXAMPLES 

[0148] In the folloWing experiments, SEDS® processes 
Were used to produce a number of drugs in particulate form 
and their behavior in typical MDI propellants Was then exam 
ined. 
[0149] In most cases the system used to carry out the par 
ticle formation Was of the general type shoWn schematically 
in FIG. 1 of WO-95/01221. A tWo-passage coaxial nozzle 
(see FIG. 3 ofWO-95/01221) Was used to co-introduce into a 
500 mL (except for Examples 1a) particle formation vessel (i) 
a solution of the drug in a solvent carrier and (ii) supercritical 
CO2 as the anti-solvent. The anti-solvent extracted the carrier 
at the nozzle outlet causing particles to be precipitated. The 
temperature and pres sure Were controlled Within the vessel to 
ensure the CO2 remained in supercritical form throughout the 
process, even When mixed With the carrier. 
[0150] The particulate products Were all ?ne, free ?oWing 
poWders With smooth particle surfaces. 
[0151] Flocculation volumes Were measured in the general 
manner described above. 0.4 g of the relevant sample Was 
?lled into a 100 mL glass aerosol bottle. The bottle Was 
pressurized With 40 mL of the propellant ?uid to give a 1% 
W/v dispersion and then shaken vigorously for 30 seconds to 
ensure complete dispersion of the poWder. After agitation, the 
bottle Was placed on a ?at surface and the ?occulation volume 
measured by eye every 15 seconds for the folloWing 10 min 
utes. Measurements Were taken at 220 C. 

Example 1a 

Preparation of Salmeterol Xinafoate 

[0152] Salmeterol xinafoate (sample A) in its polymorphic 
form I Was precipitated from methanol (2% W/v) using an 
operating temperature of 60° C., an operating pressure of 100 
bar, a nozzle With a 200 um outlet diameter, a particle forma 
tion vessel With 50 mL capacity, a salmeterol solution ?oW 
rate of 0.4 mL/min and a C02 ?oW rate of 20 mL/min (note: 
all CO2 ?oW rates Were measured at the pump head). The 
product had a MMAD of 5.3 um (AEROSIZERTM). 
[0153] A further sample (B) of salmeterol xinafoate form I 
Was made by a modi?ed SEDS® process, as described in 
WO-03/008082, in Which the salmeterol solution and CO2 
Were introduced through an inlet tube and a perpendicularly 
orientated nozzle (outlet diameter 200 pm) respectively, With 
a C02 ?oW rate suf?cient for it to acquire a sonic velocity at 
the nozzle outlet. For this particle formation process the sal 
meterol/methanol solution concentration Was 3% W/v, the 
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operating temperature 360 C., the operating pressure 80 bar, 
the salmeterol solution ?oW rate 4 mL/min and the CO2 ?oW 
rate 158 mL/min. The CO2 Was pre-heated to 90° C. prior to 
entering the noZZle, to compensate for J oule-Thomson cool 
ing on expansion of the ?uid across the noZZle. The product 
had a MMAD of 1.6 pm (AEROSIZERTM). 

Example 1b 

Flocculation Performance of Salmeterol Xinafoate 

[0154] The ?occulation performance of the products of 
Example 1a (samples A and B) Was tested in the propellants 
HFA 134a (less dense than salmeterol xinafoate) and HFA 
227ea (more dense), in each case over a 10 minute period. 
Also tested, under the same conditions, Was a sample C of 
salmeterol xinafoate form I (MMAD 1.1 um by AERO 
SIZERTM) made by a standard microniZation process. 
[0155] FIG. 1 shoWs the time variation in ?occulation vol 
ume of the three samples in HFA 134a, expressed as a per 
centage of the initial volume. The performance of both 
SEDS® produced samples (i.e., products according to the 
present invention) Was clearly superior to that of the micron 
iZed sample, Which after 3 minutes had a ?occulation volume 
beloW 40% and after 10 minutes of only 30%. The SEDS® 
samples retained, even after 10 minutes, a ?occulation vol 
ume of 90% or greater, in the case of sample B greater than 
98%. 
[0156] Sample B Was found to retain a ?occulation volume 
of greater than 98% even after 24 hours standing. 
[0157] The rate of change in ?occulation volume for 
sample A, averaged over the ?rst 2 minutes standing, Was 
—3% per minute. For sample B the rate of change Was —0.2% 
per minute. For the microniZed sample C, in contrast, the rate 
of change Was —38% per minute averaged over the ?rst 
minute. These ?gures Were derived by measuring ?occulation 
volumes during the relevant period and regressing them to a 
straight line to give an indication of the initial ?occulation 
rate. The error in calculated ?occulation rates is approxi 
mately 2.5% per minute; thus a ?occulation rate of beloW 
2.5% per minute may be equated With negligible sedimenta 
tion or creaming. 
[0158] FIG. 2 shoWs hoW the same samples performed in 
HFA 227ea. Again the performance of the SEDS® produced 
samples A and B Was superior to that of the microniZed 
sample C, Which after 5 minutes had a ?occulation volume 
beloW 35%. The SEDS® samples retained a ?occulation vol 
ume of greater than 40% after 5 and even 10 minutes. 
[0159] In HFA 227ea, the rates of change in ?occulation 
volume Were —1 1% per minute for sample A and —19% per 
minute for sample B, both averaged over the ?rst 2 minutes. 
Sample C exhibited a ?occulation rate of —53% per minute 
over the ?rst minute. 

Example 2a Preparation of Budesonide 

[0160] Budesonide Was precipitated from acetone (2% 
W/v) at 700 C. and 100 bar. The budesonide solution ?oW rate 
Was 12.6 mL/min and the CO2 ?oW rate 833 mL/min. A 
noZZle With an 800 um outlet Was used. The product MMAD 
Was 1.65 pm (AEROSIZERTM). 

Example 2b 

Flocculation Performance of Budesonide 

[0161] The ?occulation performance of the product of 
Example 2a Was compared, in the propellants HFA 134a (less 
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dense than budesonide) and HFA 227ea (more dense), With 
that of a microniZed budesonide sample (MMD 1.5 Mm). 
[0162] FIG. 3 shoWs the results in HFA 134a. Again the 
performance of the product of the invention Was signi?cantly 
better than that of the microniZed sample, Which after 2 min 
utes had a ?occulation volume beloW 40% and after 6 minutes 
of less than 30%. The SEDS® sample, even after 10 minutes, 
still shoWed a ?occulation volume of 80%. Its rate of change 
in ?occulation volume Was —3.5% per minute averaged over 
the ?rst 2 minutes. The microniZed sample exhibited a ?oc 
culation rate of —37% per minute over the ?rst minute. 
[0163] FIG. 4 shoWs the results in HFA 227ea, demonstrat 
ing signi?cantly higher ?occulation volumes for the SEDS® 
sample (greater than 50% after 5 minutes and even after 10 
minutes still greater than 40%) as compared to the microniZed 
one. Here the rate of change in ?occulation volume for the 
SEDS® sample Was —13% per minute over the ?rst 2 minutes, 
and for the microniZed sample 44% per minute over the ?rst 
minute. 

Example 3a 

Preparation of Fluticasone Propionate 

[0164] TWo samples of ?uticasone propionate (in tWo dif 
ferent polymorphic forms 1 and 11) Were precipitated from 
acetone (4% W/v) using the operating conditions set out in 
Table 1. 

TABLE 1 

Temper- Pres- CO2 ?oW Solution Poly- MMD (pm) 
Saln- ature sure rate ?oW rate morphic (Sym 

ple (0 C.) (bar) (ml/min) (ml/min) form patec TM) 

A 1 10 90 20 0.3 I 2.3 
B 75 130 25 0.5 II 5.6 
C 1 10 90 20 0.3 I 2.3 

Example 3b 

Flocculation Performance of Fluticasone Propionate 

[0165] Samples A and B from Example 3a Were compared, 
in the propellant HFA 134a (less dense than ?uticasone pro 
pionate), With a microniZed sample D of ?uticasone propi 
onate form I (MMD 2.0 um). 
[0166] FIG. 5 shoWs the changes in ?occulation volume of 
the three samples over a 10 minute period, expressed as a 
percentage of the initial volume. The performance of both 
SEDS® samples Was signi?cantly better than that of the 
microniZed sample D, the latter having a ?occulation volume 
of beloW 30% after 10 minutes Whereas the SEDS® products 
both retained a ?occulation volume of greater than 45% (in 
the case ofthe 2.3 pm sampleA, about 50%, and in the case of 
the 5 .6 um sample B, greater than 90%) after the same period. 
[0167] It is notable that the microniZed product, despite 
being smaller in siZe than both the SEDS® samples, still does 
not perform so Well in the propellant. 
[0168] The rates of change in ?occulation volume in HFA 
134a Were —20% per minute for sample A and —1% per 
minute for sample B, both averaged over the ?rst 2 minutes. 
Sample D exhibited a ?occulation rate of —68% 0 per minute 
over the ?rst minute. 
[0169] The ?occulation behavior of samples B and C from 
Example 3a Was also compared With that of the microniZed 
sample D in the propellant HFA 227ea Which is more dense 




















